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Vision:
Revolutionary architecture

zla®

Satellite-enhanced communication,
Trajectory-based airspace management navigation, and surveillance

Integrated total system solution

Toda& Future

Common Information Network Simplified airspace design

* “Layered” security approach
* Open system principles—growth for the future
* Phased transition plan—builds on existing plans
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What is modeling and simulation ?

It’s for
requirements |, \%‘-\\ _

definition Wy ( It’s for system
integration '
\

R
P

It’s for
training

It’s for <2 ,
concept ) It for } It’s for test &
exploration component evaluation
' design
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Boeing ATM Preliminary Design ToolKkit

Evaluation of alternatives
Demand analysis || Operations concepts | Level | (Policy) « Costs/benefits/safety Solutions
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Model Human Processor

Card, Moran and Newell 1983

Model Human Processor Model

* The basic perspective is that
people are information
processing machines with
regular (and determinable)
processing characteristics

* The MHP is an intentionally
simplified model of human
performance, intended to
provide gross predictions of
system behavior

* The detailed properties of the
human nervous system and
perceptual organs provide
important constraints and
design possibilities for
interaction

@_ﬂafl,va

LONG-TERM MEMORY

i = W,
g,
K = Semartic

WORKING MEMORY

VISUAL IMAGE VISUAL IMAGE o= 3 [2.5-4.1] chumks
o = T [5-8] chunks

A =T |5~226] sen
{1 chunk) = T3 [T3-225] seo

i = 200 [To-1000] meec [ f_ = 1500 [900-3500] maeo \‘*
M= 1T [T-1T] Iuttars
K

Processor
Eya movemant = 230 [T0-700] msec T = TO [20-400)
o
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Diagram of the EPIC model

Long-Term
) '\/ Coghnitive I
Processor
Production Production Rule
Memory _ Interpreter
Simulated Auditory
Interaction Input f
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/ Audit
—H J~E—
Working
Memory
@"’" Procanor =
Task 1\~ :
“
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!
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Environment Input

-
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,
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Global system-of-systems architecture

5o s ATM Space System

s Two-way Comm
Broadcast - / Satellites

- ’43,:?
‘% K’t.}w
WA Na vigazfion
- Satellites
(GPS, Galileo,
GLONASS & SBAS:

WAAS, EGNOS,
MSAS, GAGAN)

Satellites .

£

J ) eiwor.&-canig
DPETALIDIISE
cIntayrivy anek
ara drivars [

ATM_213
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Architecture models

Constellation ©_- Navigation and

surveillance availability'
Data link

Common Information Network Communication
3 availability /r\_\
4 a‘
Network gt T User
Operations B Terrestrial e | ocation
‘ ' Network
Coverage Name Detail
o T Capacity Demand Determines and represents the resource demands of current and new operational concepts
Model on the system infrastructure and its components

Data Link Simulation Assesses the ability of the air-ground link communication infrastructure to satisfy the
performance requirements of security applications and operational concepts

Constellation Uses the Capacity Demand Model and its inherent sensitivities to daily variation and
Capacity Simulation geographic demand to determine the viability of existing space-based infrastructures and
the appropriate sizing of future space-based architectures

Constellation Latency | Establishes the ability of a space-based ATM infrastructure to meet necessary latency

Simulation variation requirements
Common Information Measures the performance of network and information architectures in meeting ATC and
Network Simulation security information exchange requirements
Communication Determines the achievable availability, including factors such as architecture, capacity,
Availability Model demand, security threats, and atmospheric impacts within a specified spectrum
Navigation and Establishes the availability at various levels of accuracy for navigation and surveillance
Surveillance services, using factors such as spacecraft quantity, geometry, redundancy, user equivalent
2= Availability Model range error, and security threat
(L BOEING AirTraffic Management
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System-of-systems modeling

Matlab

Mumber of Aircraft ¥ithin 200km Radius

Number of Aircraft

i}
5]

+ =90 i
Latitude 23 Langitude

Instantaneous Traffic Density

T | |
e . & 7. /OpNet
System| - . e |
F=X .
] El T |- 88
a4 .53 9 aeemy
=t o e
=1 | § 0 ry—
Network 5 Cre—i-i | Process
~ | Nodes
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Models

CIN-CNS frameworks & models
% ; GPS
Framework

Logical
Link
Control

Demand
Assigned

Multiple
Access

w '
Bent Pipe Mobile Packet
Q\ Framework ‘ Data Services

Frameworks

Fixed |
Bandwidth,

Transport Layer
Model

End-to-End

Constellation
Framework %
Terrestrl
Network
System
ramewor :
‘ Analysis

~_ "

Security
Application
Framework

Message
Traffic
Framework

Aireraft =

Distribution

Capacity > N
Framework

Satellite Operations

Air Traffic Network Operations
Center Center

Weather, Aviation Flight Operations i Security
Center Management System
Command Center

Information
Management Services
Command Center
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DESIDE concept

(Discrete-Event Simulation Interactive Development Environment)

N

Preliminary design process is a
performance-based modeling
approach

*Most S/W tools analyze a pa
set of the technolog

*We will develop models to
parameters and they will be
drive technology develop
an “honest broker” i
trades

* Product = C++
* Runtime architecture
* Dynamic instances

e External attributes

* Library of model classes
» Graphic UML interface

* Reduced dependency on
code to capture model

Auto-
generated code

POST l

IProcessing

Model Creation

\
v } ‘ Simulation Execution
‘ ) \ DES Engine
Domain .
- * Has both single & multi
CPU- easily mapped into

Analyst
Object-Oriented (OO) / Results parallel processing platform
Universal Modeling Language « Preserves causality

(UML) trained

Data Presentation
& Visualization _

DESIDE facilitates direct access to simulation
modeling by domain experts

@ﬂﬂf]ﬂﬂ AirTraffic Management
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Example top level user interface

DESIDE Yiewer - C3, = (=] x|
File Tools ©Options Help |DataComn@|
=43 DESIDE Commands A teAircrat
E\I} DE=IDE “ariahles IHamPilot 1 containedlHamPilot 4 ggregaleAuraa
E‘E Fhapsody Commands 1 sendsalert when runway
81 RThInterfaces itsHamPiTot
sends control evenfgto
1 it Aircraft
(U)Table2 myROCIaR /H‘m @| sends alert when at thresh I awind
itdAircraftMndow
1 1
containedlAircraftVMndow
confainedIAircraft
-3 IAggregateAir:raft/ I <
; ) <<Usage>>
T IAircraftyincow
— l&ir Traffickdonitoring Weath 1
{0 ICharacteristics atherl t th nAiroraftStateData . . »
-3 IControlledAirspace e eather SR chetis runway ocoupieq using aresieAE
-3 IPredicted Trajectary itd\\eather|1 <<Usage>>, <<Usage>> getstables from
-3 ISimulated Traffic A
! _ . eedsreferenceto it SimulatedTraffic|t
- ISimulationLogging | itdCharacterigtics
[ 'Traff!CGe”eratDr ISurveillancg]_9etstue traffic from 1 ISimulatedTraffic generatesand destroys
[ MrafficPlanning itsSimulatedTraffic flightld | i
[ Trajectory needsrefto 1. | ICharacterisics
T ey ey itdCharacterigtics
- Mrajectarytanager itdSimulatedTraffigq1
w--[g Woice CommUser logsto 1. |isimulationLogging
g Weather [TrafficGenerator sends generate event to itdSimulationLogging”
B Memberinstances
w-- @ Packages getsid integer from |FlightldStingMap || getsid string from
R s RTM itsAightldStringMap itdFightldStringMap
@!afl,va WDYE Air'Traffic Management
v
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RTM- sample initial analysis (cont’d)

L3
Metrics
System Parameters AL
Min IAT Merge
Qualitative Factors Actual Simulation Variables DOE Levels
-1 0 1 Max IAT Merge
SurveillanceAccuracy |POSvar 74.08| 185.2] 296.32 Std IAT Merge
velVar 1.02888) 2.5722] 4.11552
Median IAT Merge

SurveillanceFrequency [sweep_time 2

velocity lag 8 20 32 Mean Inst. Tpt Merge
ConflictPredictionPeriod |timelntervalForConflictPrediction 3 30 57 Min Inst. Tpt Merge

ControllerReactionTimeMean 1 2 3 Max Inst. Tpt Merge

ControllerReactionTimeStdDev 0.5 1 1.5

ControllerReactionTimeLowerBound 0.25 0.5 0.75 Std Inst. Tpt Merge

HAMtimes ControllerReactionTimeUpperBound 2.5 5 7.5 -

ControllerCognitiveProcessingTime 1.11 2.22 3.33 R I M Median Inst. Tpt Merge

PilotreactionTimeMean 1 2 3

PilotReactionTimeStdDev 0.5 1 1.5 Mean IAT Runway

PilotReactionTimelLowerBound 0.5 1 1.5 3

PilotReactionTimeUpperBound 2.5 5 7.5 Min IAT Runway

Design of Experiment List of Parameter Combinations:

DESERTMAN

Experiment #

SurweillanceAccuracy SurwveillanceFrequency

ConflictPredictionPeriod HAMtimes

Max IAT Runway

Std IAT Runway
Median IAT Runway
Mean Inst. Tpt Runway
Min Inst. Tpt Runway

; '3 :1 :1 :1 Max Inst. Tpt Runway
3 1 -1 -1 -1
4 -1 o = -1 Std Inst. Tpt Runway
g o o -1 =il
6 1 o = -1 Median Inst. Tpt Runway
7 =1 1 -1 =i
8 0 1 -1 -1 : i
= = . - - Diversion Rate
10 = . - 2 - COM Useage
75 1 - 1 1 1 NPO Ratio
76 -1 o 1 1
77 o o 1 1 Good Landing Rate
78, 1 o 1 1
5 e . 2 1 Num Alt Violations
81 1 1 1 1
Num Lat Violations
Num Speed Violations
@_ﬂafl,va Air'Traffic Management
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RTM — sample initial analysis (cont’d)

Parameter sensitivities of metrics

Median AT Merge 290_H_//F'T‘_g_—"—‘“‘——‘*#—h‘-—_x g_*_“T‘—‘h\_ﬁgJHk——*‘ﬁﬁ——)/
285 | \ | |
- =12 K R SV et T i — e
56479 | \ | |
260 oy = - — 1 -]
_ -] —_—
— | | | I |
STD IAT Merge 111 | 4 \ e | L |
109.01 I gl . ——t—— | Tt I SR T _]
- | | | T |
13053 5] Ty L LT | E L ——
108 {__)L;_i-—#"_-———__‘__J_____hi H‘“J\_‘ )ﬁﬁiﬁj_______
w7 | | \ | T — |
Max 1AT Meige 575% P_FA_J,_;#H/ 'h_h__)___a_l____ﬁ_Q_J“L_____l_k_h_d_/-_ﬁ__r__!_‘ﬁ__,_
563,263 | 570t T | | | |
v = T i S N S T S R
97433 i 5w | ] \ | |
| —— | | |
555 _— 1 o t—— o o o
——— — |- — ] e i e -4 ]
Min 14T Merge e T e W SU——
100.5926 110 | T | - | | D
5 I S e NN e I A
16.4748 | \ | |
o | —— | T~ _ |
R ML s T S R
tMean |AT Merge e
292 -
287.9162 I -0 _)_H_J_r—ff”/““hﬁg__L_‘_ N \‘-*._LH_‘ *ﬁg__h_Lk_‘
o — | | a | ] |
25612 I CE =) MMt 5 L L L
] I e I \H“‘Lq__ ]
254 | \ | o — |
05 i 0s 05 il 0s 05 il 05 05 il 0.5
increase decrease decrease decrease
- - - -
decrease increase increase increase
Surveillance Accuracy Surveillance Period Conflict Prediction Period Ham Times

Nominal Traffic
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TAAM - Total Airspace & Airport Modeller

* Developed by Preston Aviation Solutions, a wholly owned
subsidiary of The Boeing Company

SIM is a discrete event simulator
Not a playback but a design, analysis, what-if tool
* Has ATC model built in
Fast-time gate-to-gate simulation
* Parameters and rulebase
Used in ATM modeling projects since 1995
* ERAM model under Lockheed Martin

* Ground operations studies: (767-400 at LGA; Beijing and
SEA ground operations study)

* Airspace studies: (Bay of Bengal procedural airspace
analysis, Cleveland free-flight conflict probe)

* Current ATM trade studies and other analyses

@_ﬂafl,va AirTraffic Management
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Airspace and airport modeling schedule
generation process overview

ASDI/AADS Traffic and Schedule Generation Data Filtering and Verification Tools
Or (UNIX, MATLAB, others)

OAG/other source traffic data

||[weF6115
LAT20 330

KM
11T canast2 - a R
) e S0a T 1050 240 (Traffic Density Analysis)
RO1RUGEE 181
Y NET33_15_1 l“
‘l 4-7160°

.. " £ 'ﬂlmnnlli'g ) s
.. . [ —— 0TS 69 o7
j ccn 348
. §L0%0 180

TAAM Simulation

Imsse
L150 260
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National Flow Model (NFM) resource queuing

simulation technique

Traffic represented by
ETMS flight plans (FZ)
and departure records

(DZ) or OAG schedule
Simulation
schedules aircraft on
queues
Airports
and/or
runways ...
represented
as queues

Aircraft gnter and leave
network segments
according to event

queug schedule

Aircraft move
between
gueues over
the network

@ﬂﬂf]ﬂﬂ AirTraffic Management
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NFM demo: Summer 2020

‘ ups National Flow Model - Summer 2020_20tE.nfm

Fie Ed gt Window Help

S EEE

0.6

+ Aircraft

0.4

a4
P

0.2

4 et
Loeparture Rate

0
oaoa
Time {GMT)

-- Max Arrival Queue L

# Departures per Intenval
. Departure Ousue Length

Time {GMT)

Pre-Simulation EENRRNRERENRERREREENNR Tteration [001/001  DatefTi
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Benefits analysis

* Evaluate the benefits of changes to technology, operational
concepts or implementation strategies

* We determined feasibility (can we) and implementation (how
do we do it), now we need to determine should we (why)?

@ﬂﬂf]ﬂﬂ AirTraffic Management
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Boeing approach

Baseline D?flne Assess OEP
Safety, Delay Metrics and aqainst Assess ATM
Environmental Forecast g R
.. Demand Concept
Efficiency Demand Scenarios
And Security Scenarios

ATM Objectives
* Affordability
e Capacity
e Safety
* Global Interoperability
* Environmental Efficiency
* Security

@ﬂﬂf]ﬂﬂ AirTraffic Management
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Fundamental ATM modernization requires a

new modeling and simulation approach

Modeling the performance of

Designing tomorrow’s ATM system
Today’s ATM system

Top-Down requirements and
Operational concept development

OVERALL NAS PERFORMANCE MODEL

LEVEL 3 l Solutions
LANDSIDE MODELS FUTURE AVIATION
(Security impacts) PAX DEMAND = B e
. I
i s | ‘
l GENERATE > ot B i
v ITINERARIES, SCHEDS i G |
FUTURE PASSENGER AIRLINE BUS/OPS |4 ROUTES “
DEMAND MODELS

SYSTEM
EMULATION
T MODELS
(TAAM)
LEVEL 2 T

AIRCRAFT PERF AIRPORT & SURF AIRSPACE CAP MODELS
MODELS CAP MODELS (En Route, Term sectors
\ /& fixes)
HUMAN PERFORMANCE MODELS
HITL/Empirical Data
LEVEL1 L \ :
WX SYST NAV SYST COMM SYST SURV SYST AUTOMATION/ I > - - : .
MODELS MODELS MODELS MODELS DSS MODELS L :
Transition - - °
RIR 10/01/02 H e A EE I ysis |........ B
modeling """"%\ /“"6‘"""5'
Bottom-Up analysis - Need to do both
@_ﬂaﬂ,va
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Summary

* A full system modeling and simulation approach is a key enabler
for fundamental ATM modernization

* Top-down, requirements-driven (not technology-driven) systems
engineering is critical
* Models and tools are used as enablers — to quantify analysis /
concepts feasibility
* Leverage existing tools, models, scenarios

* Future ATM modeling and simulation must be derived from the
same systems engineering approach

e Start with the operational concept, then derive functional
allocations and supporting technologies covering “can we?” as
well as “should we?”

* Much has been accomplished; much work remains

@_ﬂafl,va AirTraffic Management
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